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Tuesday, February 28, 2012 439aproblem of negative design - encoding of features that prevent the design from
interacting with undesired off-target partners. This presents several challenges.
First, issues of computational complexity, normally already present in protein
design, become more severe due to the potentially numerous off-target alterna-
tives. Second, given the semi-empirical nature of scoring functions used in de-
sign, there is not a clear choice of an a priori objective function that properly
balances specificity and stability. I will present a general framework that ad-
dresses both problems. The key feature is a method of Cluster Expansion
(CE), by which one can synthesize simple sequence-based expressions that re-
produce the result of potentially complex structure-based models. Besides pro-
viding a computational speedup of many orders of magnitude, this enables the
use of a new class of optimization techniques for address complex design prob-
lems. For example, using integer linear programming, specificity design can be
formulated so as to find optimal trade-offs between the stability of the design:-
target complex, and its specificity against undesired interactions. In this way,
the choice of sequence can be made after knowing the minimal cost in stability
for each incremental increase in specificity, removing the need for an a priori
objective function.
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Structure-Based Characterization of Peptide-Mediated Protein Inter-
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Peptide-mediated protein interactions are increasingly recognized to play a cru-
cial role in the cellular regulatory network. Our ability to accurately model the
structure and binding specificity of these interactions provides an invaluable
tool towards improved understanding of individual interactions and their func-
tional importance to the cell.
Structural modeling of these interactions has been challenged by the consider-
able conformational space that the peptide can sample upon binding to its
receptor. We have developed an accurate tool for the modeling of peptide-
protein complex structures that efficiently but extensively samples the peptide
conformational freedom upon binding (Rosetta FlexPepDock1-3).
In my talk I will focus on recent work in which we have extended this protocol
towards the structure-based prediction of binding specificity (Rosetta FlexPep-
Bind). I will describe the calibration and application of FlexPepBind to the
characterization of protein substrate specificity of the prenylation enzymes
Farnesyl- and Geranylgeranyl-transferases (FTase and GGTases, respec-
tively)4. Prenylation consists of the covalent addition of a lipid group to pro-
teins that contain a CXXX’ c-terminal tail (C=cysteine; X=any amino acid),
thereby tagging the protein to the membrane. FTase FlexPepBind identifies
proteins that undergo farnesylation based on the capability of these 4 c-terminal
residues to bind to FTase: We not only accurately retrieved known substrates,
but also suggested a novel class of previously unknown farnesylation sub-
strates, which were subsequently shown in vitro to indeed undergo farnesyla-
tion (in collaboration with the Fierke lab, University of Michigan). These
findings shed new light both on the factors that determine peptide binding, as
well as on farnesylation in the cell.
1. Raveh et al. (2010) Proteins 78:2029.
2. Raveh et al. (2011) PLoS ONE 6:e18934.
3. London et al. (2011). Nucleic Acids Research 39:W249.
4. London et al. (2011). PLoS Computational Biology doi:10.1371/journal.
pcbi.1002170.Workshop: Protein Reconstitution in Artificial
Membrane Systems
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One of the most challenging problems in biochemical science are studies of in-
tegral membrane proteins. Using designed amphipathic helical peptides,
termed membrane scaffold proteins (MSPs) we have developed a simple and
robust system that self-assembles phospholipids into soluble discoidal phos-
pholipid bilayers 8-10 nm in diameter, termed Nanodiscs. Importantly, the
same self-assembly process can be used to directly incorporate a variety of in-
tegral membrane proteins into these nanobilayers. The result is a native-like en-
vironment that provides stability and full functionality for these integral
membrane protein targets. Using MSPs of varying lengths, the size and compo-
sition of the Nanodiscs can also control the oligomerization state of incorpo-rated targets. During my presentation I will relay our most recent results in
the incorporation of integral membrane enzymes, channels, transporters and re-
ceptors into Nanodiscs as well as the structural, biophysical and biochemical
characterization of these nanostructures. We have also demonstrated that
this same self-assembly process can be used to form Soluble Membrane Protein
Libraries (SMPL) which can be used as the basis for high-throughput screening
of protein-protein, cell-cell and cell-viral interactions. Supported by grants
from the National Institutes of Health.
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We have developed a directed-assembly method for producing surface-
supported lipid bilayers with mobile TM helices, as a platform for investiga-
tions of lateral interactions between membrane proteins. This assembly allows
control over protein concentration and TM orientation, and offers a unique ca-
pability to incorporate TM helices with uni-directional orientation, in order to
mimic biological membranes. We have shown that FRET spectra of single bi-
layers can be recorded, yielding the energetics of protein interactions. Currently
we are working to (1) determine the range of lipid compositions that can be
used with this bilayer platform, and to (2) establish the uni-directional orienta-
tion of model TM helices.
While the supported bilayer platform can be used for TM helices, it cannot be
used for complex membrane proteins. To over:come this limitation, we have
established plasma membrane-derived vesicles as a model system for studies of
membrane protein interactions in mammalian membranes. The vesicles are
a simplified model of the cell membrane because there is no cytoskeleton
and no TM potential. In the vesicles, no new receptors are delivered to the
membrane or destroyed (downregulated), allowing us to focus on the thermo-
dynamics of membrane protein interactions without the need for receptor puri-
fication and reconstitution into lipid vesicles. While the most popular methods
of vesiculation involve small concentrations of formaldehyde, we have devel-
oped a novel vesiculation protocol that does not use active chemicals. We have
demonstrated that free energies of membrane protein interactions in the com-
plex membrane environment can be measured. Our results suggest that molec-
ular crowding in cellular membranes affects the strength of membrane protein
interactions.
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It seems trivial that covering the hydrophobic, transmembrane parts of
a membrane protein by a detergent micelle protects it from being denatured.
What remains poorly understood is why it may need special (often complex
mixtures of) detergents to study a given protein while hundreds of other de-
tergents that form very similar micelles fail. One step toward a rational se-
lection of conditions for membrane protein solubilisation and reconstitution
may therefore be establishing a ‘‘catalogue’’ of crucial detergent properties.
The proper selection, mixture, or sequence of detergents to be used would
then be the one that shows the right combination of all these ‘‘catalogue’’
properties. Further to specific detergent-protein interactions, such criteria
might be the phase state and mixed lipid-detergent micelle structure at
a given composition, the mechanism of membrane disintegration, the mem-
brane curvature stress induced by a detergent, its ability to flip-flop between
the membrane leaflets, its miscibility with the membrane components (lipids,
sterols, etc.), its effect on membrane order and thickness, and the ability to
solubilise cholesterol and other molecules in its micelles. An understanding
of these parameters may aid the optimization of protein stability and func-
tion, protein distribution between vesicles and between membrane orienta-
tions, local protein concentration, and the suitability of the sample for
a certain technique.
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Cellular signal transduction reactions are largely confined to membrane sur-
faces. This environment amplifies tendencies towards inhomogeneous spatial
organization and patterning. In recent years, these phenomena have been rec-
ognized to play important functional roles in signaling as well. The use of sup-
ported membrane technology to observe, control, and study the spatial aspects
of cellular signal transduction chemistry will be discussed.
